There are multiple platforms available for whole-exome enrichment and sequencing (WES). This protocol is based on the Agilent SureSelect Human All Exon platform, which targets 50 Mb of the human exonic regions. The SureSelect system uses 120-base RNA probes to capture known coding DNA sequences (CDS) from the NCBI Consensus CDS Database as well as other major RNA coding sequence databases, such as Sanger miRBase. The protocol can be performed at the benchside without the need for automation, and the resulting library can be used for targeted next-generation sequencing on an Illumina HiSeq 2000 sequencer.
Vacuum concentrator (Thermo Scientific Savant SPD111V or equivalent) Vortex (Fisher Scientific 02-215-370 or equivalent)
METHOD
The general scheme of DNA preparation for hybridization-based whole-exome capture and sequencing is diagrammed in Figure 1 . The following protocol is based on the original method provided by Agilent (SureSelectXT Target Enrichment System for Illumina Paired-End Sequencing Library, version 1.3.1), with minor modifications to streamline the process based on our experience. A detailed performance evaluation of this method as well as a comparison to alternative platforms can be found in our previous publication (Clark et al. 2011 ); see Related Information.
Fragmenting Genomic DNA 1. In a 1.5-mL LoBind tube, dilute 3 µg of human genomic DNA in TE buffer to a total volume of 120 µL. Transfer the diluted DNA to an AFA microTUBE. 2. Load the microTUBE into the tube holder of the ultrasonicator and shear the DNA using the following settings: mode, frequency sweeping; duty cycle, 10%; intensity, 5; cycles per burst, 200; duration, 60 sec × 6 cycles; temperature, 4˚C-7˚C. 3. Transfer the sheared DNA to a fresh 1.5-mL LoBind tube. Check the shearing by running 2 µL of the sample on a 2% E-Gel EX gel.
The average DNA size should be 150-200 bp.
It is safe to stop here and store the sample at −20˚C.
Purifying DNA with Agencourt AMPure XP Magnetic Beads 4. Equilibrate the Agencourt AMPure XP reagent for at least 30 min to room temperature and mix well by vortexing. 5. Add 216 µL of homogenous AMPure XP reagent to the sheared DNA sample ( 120 µL) and mix well by vortexing. Incubate the mixture in the Mini LabRoller for 5 min at room temperature. 6. Place the tube in the magnetic stand. Wait for the solution to clear ( 2 min) and carefully discard the cleared solution without touching the beads. 7. Wash the beads twice with 500 µL of 70% ethanol for 1 min per wash. 9. Add 50 µL of nuclease-free water to the beads and mix thoroughly by vortexing. Incubate the mixture on the Mini LabRoller for 5 min at room temperature. 10. Place the tube back into the magnetic stand and wait for the solution to clear ( 2 min). Transfer the supernatant containing the eluted DNA to a fresh 1.5-mL LoBind tube.
Preparing the Adaptor-Ligated DNA Library
Repairing DNA Ends 11. For each sample of sheared DNA, prepare the following reaction in a 0.2-mL PCR tube using the reagents provided in the SureSelectXT Human All Exon Kit. . Common scheme for hybridization-based whole-exome enrichment methods. In summary, genomic DNA is fragmented, denatured, and hybridized with capture oligos during library preparation for high-throughput sequencing. The captured sequences are then enriched with streptavidin-conjugated paramagnetic beads and further amplified before being subjected to Illumina sequencing. Diagrammed DNA sequences in red, on-target regions; sequences in blue, off-target regions; single-stranded oligos in green, capture probes labeled with biotin; brown particles, streptavidin-conjugated paramagnetic beads.
12. Incubate the reaction for 30 min at 20˚C in a thermal cycler without the heated lid.
13. Purify the end-repaired DNA as described in Steps 4-10, with the following modifications: Add 180 µL of homogenous AMPure XP reagent to the reaction, and elute the purified DNA in 32 µL of nuclease-free water.
Adding an Adenine Base to End-Repaired Fragments 14. For each sample, prepare the following reaction in a 0.2-mL PCR tube using the reagents provided in the SureSelectXT Human All Exon Kit. 16. Purify the DNA as described in Steps 4-10, with the following modifications: add 90 µL of homogenous AMPure XP reagent to the reaction, and elute the purified DNA in 28.5 µL of nuclease-free water.
Reagent
Ligating the Indexing-Specific Paired-End Adaptor 17. For each sample, prepare the following reaction in a 0.2-mL PCR tube using the reagents provided in the SureSelectXT Human All Exon Kit. 
21.
Place the tube in a thermal cycler and amplify the library DNA using the following program: 2 min at 98˚C, 6 cycles of (30 sec at 98˚C, 30 sec at 65˚C, 1 min at 72˚C), 10 min at 72˚C. 22. Purify the DNA as described in Steps 4-10 with the following modifications: add 90 µL of homogenous AMPure XP reagent to the reaction, and elute the purified DNA in 30 µL of nuclease-free water. 23. Check the quality of the amplified preenrichment library by running 1 µL on a DNA 1000 chip using a 2100 Bioanalyzer following the manufacturer's instructions. Record the measured concentration of the library.
The amplified library should have a peak size of 350 bp.
Hybridizing the Library 24. Aliquot 500 ng of the amplified library DNA into a 1.5-mL LoBind tube. Perforate the lid of the tube with a 21-gauge needle. Centrifuge the tube in a vacuum concentrator at ≤45˚C to reduce the total volume to 3.4 µL (147 ng/μL).
It is also safe to completely lyophilize the DNA and reconstitute in 3.4 µL nuclease-free water. i. Transfer 13 µL of hybridization buffer from row A to the corresponding well in row C.
Prepare the Hybridization Buffer using the reagents provided in the SureSelectXT
ii. Transfer the contents of row B to the corresponding well in row C.
iii. Pipette up and down 10 times to mix.
32. Seal the plate securely with two new adhesive films to prevent excessive evaporation: Cut the first film slightly smaller so the size is just enough to seal all the wells, and then apply the second film to seal the whole plate. Incubate the sealed plate in a thermal cycler for 24 h at 65˚C with the heated lid set to 105˚C.
We apply the adhesive seal while the plate is inside the PCR machine to avoid possible air pressure differences inside and outside the wells.
Performing Hybrid Capture Selection with Dynabeads MyOne Streptavidin T1
33. Aliquot and prewarm SureSelect Wash 2 (1.65 mL/sample including 10% extra) in a heat block at 65˚C. Step 32 directly to the resuspended beads while maintaining the PCR plate at 65˚C. Mix well by pipetting up and down 10 times. Incubate the mixture on the Mini LabRoller for 30 min at room temperature. 37. Briefly centrifuge the tube to collect the mixture. Separate the beads from the supernatant on the magnetic stand. Discard the supernatant and resuspend the beads in 500 µL of SureSelect Wash 1. Incubate the tube for 15 min at room temperature. 38. Briefly centrifuge the tube to collect the mixture. Separate the beads from the supernatant on the magnetic stand. Discard the supernatant and wash the beads three times as follows.
i. Resuspend the beads with 500 µL of SureSelect Wash 2 (prewarmed to 65˚C) and vortex for 5 sec. ii. Incubate the sample for 10 min at 65˚C.
iii. Briefly spin to collect the mixture. Separate the beads from the supernatant on the magnetic stand and discard the supernatant. 42. Purify the sample as described in Steps 4-10, with the following modifications: add 180 µL of homogenous AMPure XP reagent to the reaction, and elute the purified DNA in 30 µL of nuclease-free water.
Adding the Index by Posthybridization Amplification 43. Select the desired index for each library. Prepare the amplification reaction in a 0.2-mL PCR tube using the reagents provided in the SureSelectXT Human All Exon Kit and Herculase II Fusion DNA Polymerase as follows, using one of the 16 provided primers according to the desired index. 44. Place the tubes in a thermal cycler and amplify the DNA using the following program: 2 min at 98˚C, 12 cycles of (30 sec at 98˚C, 30 sec at 57˚C, 1 min at 72˚C), 10 min at 72˚C. 45. Purify the final indexed library as described in Steps 4-10, with the following modifications: Add 90 µL of homogenous AMPure XP reagent to the reaction, and elute the purified DNA in 30 µL of QIAGEN buffer EB. 46. Check the quality of the final library as follows.
i. Run 1 µL on a high-sensitivity DNA chip using the Agilent 2100 Bioanalyzer following the manufacturer's instructions.
ii. Record the measured concentration of the library for reference when pooling multiple libraries.
We recommend pooling libraries based on their molar concentration as determined by the Bioanalyzer.
The library is now ready for paired-end sequencing on an Illumina HiSeq 2000 sequencer. Alternatively, the library can be placed at −80˚C for long-term storage.
RELATED INFORMATION
Multiple platforms are available for WES, particularly for use with Illumina next-generation sequencers. In our previous publication (Clark et al. 2011) , we compared the performance of three of the most popular hybridization-based whole exome capture and sequencing platforms for the human exome, including the Agilent SureSelect Human All Exon system described here; protocols for the two other platforms are provided in Whole-Exome Enrichment with the Roche Nimblegen SeqCap EZ Exome Library SR Platform (Chen et al. 2015a) and Whole-Exome Enrichment with the Illumina TruSeq Exome Enrichment Platform (Chen et al. 2015b) . In summary, the performance of each platform was generally on par with the others, with specific, but minor, pros and cons. Researchers would be wise to choose among the platforms based on their specific experimental needs (e.g., genomic regions of interest, coverage vs. depth, etc.). The size of the targeted regions for each platform is flexible: By designing custom probes with Agilent, Roche, or Illumina, each protocol is suitable for enrichment of a lower number of custom targets for Illumina sequencing.
